Serotonin (5-hydroxytryptamine; 5-HT) has long been implicated in the pathophysiology of depression as well as in the sleep and mood abnormalities associated with depression (Maes and Meltzer 1995) . Specifically, deficiencies in 5-HT levels or in cellular responses to 5-HT neurotransmission are thought to be involved in depression. In support of this idea, deficiencies in 5-HT neurotransmission in various projections from the raphe nucleus can at least partially explain many of the common abnormalities seen in depression such as a depressed mood, decreased interest and pleasure, decreased appetite, and insomnia (Stahl 2000) . Also commonly seen in depression are reduced rapid eye -Colin 1982; McCarley 1982; Jones 1991; Luebke et al. 1992 ).
Serotonin has been implicated in both sleep and mood regulation. When central serotonin was depleted with a tryptophan-free amino acid drink (TFD), some studies have reported that the antidepressant benefits were reversed in partially remitted patients treated with SSRIs. Other studies showed that the TFD increased rapid eye movement (REM) sleep in both normal males and in remitted depression patients on selective serotonin reuptake inhibitors (SSRIs) without affecting mood. In this study, we administered a TFD to patients with remitted depression who were being treated with bupropion, an antidepressant whose mechanism of action apparently does not affect the serotonin system. We hypothesized that the TFD would increase the propensity for REM sleep without affecting depression ratings. Eight partially remitted depression subjects on bupropion were administered a TFD and a control drink containing tryptophan in double-blind, random order on separate days. The effects of these drinks were monitored with sleep electroencephalograms, mood ratings, and plasma tryptophan measures comparing baseline, TFD, and control nights. The TFDs reduced REM latency and stage 2 percent and increased REM time and percent. Subjective measures of elation, vigor, and friendliness significantly decreased on both TFD and control drinks but depression ratings did not. Plasma levels of tryptophan decreased with the TFD.
Serotonin (5-hydroxytryptamine; 5-HT) has long been implicated in the pathophysiology of depression as well as in the sleep and mood abnormalities associated with depression (Maes and Meltzer 1995) . Specifically, deficiencies in 5-HT levels or in cellular responses to 5-HT neurotransmission are thought to be involved in depression. In support of this idea, deficiencies in 5-HT neurotransmission in various projections from the raphe nucleus can at least partially explain many of the common abnormalities seen in depression such as a depressed mood, decreased interest and pleasure, decreased appetite, and insomnia (Stahl 2000) . Also commonly seen in depression are reduced rapid eye movement (REM) latency (RL; time from sleep onset till the first REM period), increased REM percentage (REM%; percent of total night's sleep), and increased REM density (RD; ocular activity during REM on a scale of 0-4 per 30 s; Benca et al. 1992 ). Again, a 5-HT deficiency can explain these abnormalities since 5-HT neurotransmission is known to inhibit REM sleep (McGinty and Drucker-Colin 1982; McCarley 1982; Jones 1991; Luebke et al. 1992) .
The rate of 5-HT synthesis is limited by the availability of its amino acid precursor, tryptophan. Rapid depletion of plasma tryptophan levels by administration of a tryptophan-free amino acid drink (TFD) depletes central 5-HT levels (Biggio et al. 1974; Moja et al. 1988 ). See Moore et al. (2000) for a recent review of the TFD literature.
Consistent with the hypothesis that 5-HT inhibits REM sleep, Bhatti et al. (1998) found that a TFD decreased REM latency and increased REM% in normal male subjects. Voderholzer et al. (1998) found a significant increase in RD in 12 healthy subjects after TFD administration but saw no other significant REM changes. A study by Moore et al. (1998) found reduced RL and stage 2 percent (S2%) and increased REM% and RD after TFD administration in fully remitted depression patients on selective serotonin reuptake inhibitors (SSRIs). Additionally, in four patients treated with the monoamine oxidase inhibitor (MAOI), phenelzine, Landolt et al. (2000) showed increased REM time and REM% after TFD administration.
With regard to mood, TFD studies have had mixed results when tested in normal subjects. One TFD study showed normal males having significantly increased scores on a depression scale, the Multiple Affect Adjective Checklist (MAACL), after TFD administration (Young et al. 1985) . Benkelfat et al. (1994) also found decreased mood on the Profile of Mood States (POMS) in six out of 20 of his healthy male subjects with a multigenerational history of affective disorder. Additionally, Klaassen et al. (1999) found that TFD administration lowered mood in both subjects with and without a family history of affective disorders with the mood changes being significantly more evident in those with a family history. Ellenbogen et al. (1996) showed that healthy female subjects had significantly lower scores after a TFD on four of six scales on the bipolar form of the POMS including the depression scale. However, Ellenbogen et al. (1999) showed that normal females with a multi-generational family history of major affective disorders had no lowering of mood in response to a TFD. Quintin et al. (2001) showed a decline in mood as measured by the Hamilton Rating Scale for Depression (HRSD) and the Depressive Mood Scale in unaffected subjects with at least two bipolar relatives but no change in health controls without a family history of affective disorders. Along the same lines, normal males given a TFD in the Bhatti et al. (1998) study showed no significant change on the depression subscale of the POMS. These subjects did, however, show significant decreases in the POMS elation, friendliness, and vigor subscales and significant increases in the confusion and tension subscales . Likewise, Abbott et al. (1992) showed no significant changes on the POMS with tryptophan depletion in normal volunteers.
TFDs have also had mixed results in remitted patients with depression. Delgado et al. (1990 Delgado et al. ( , 1991 Delgado et al. ( , 1999 found that 53-80% of partially remitted depressed patients on SSRIs suffered a "depressive relapse" after administration of a TFD. Another 10 patients on SSRIs in a study by Spillman et al. (2001) had significantly increased scores on the 6-item HRSD, the Hamilton Anxiety Rating Scale, and the Symptom Questionnaire Somatic Symptoms and Anxiety in response to a TFD. In a study by Bremner et al. (1997) , seven out of 21 patients (some partially and some fully remitted) suffered a "depressive relapse" after TFD administration. In contrast, Moore et al. (1998) did not show significantly increased mean depression ratings on the POMS or the 19-item HRSD but did find lower mood ratings on the POMS elation, friendliness, and vigor subscales and a higher rating on confusion after fully remitted patients on SSRIs were given a TFD. Also in contrast to the previously mentioned studies by Delgado, Spillman, and Bremner, a study by Leyton et al. (1997) revealed that medication-free patients in remission from depression had no change in mood in response to a TFD. In another study by Leyton et al. (2000) , however, medication-free, remitted patients with a family history of psychiatric disorders had significantly greater mood-lowering responses to TFD than remitted patients without the family history. Most surprisingly, in a study by Neumeister et al. (1998) , TFDs in patients who responded to total sleep deprivation prevented depressive relapse after the recovery night in most patients.
The current study examines the effects of the antidepressant bupropion on sleep and of a TFD on partially remitted depressed outpatients being treated with bupropion. Bupropion's mechanism of action as an antidepressant is not completely understood. In synaptosomal preparations, bupropion inhibits dopamine (DA) reuptake weakly but somewhat selectively and inhibits norepinephrine (NE) reuptake with half that strength (Ferris and Cooper 1993) . When bupropion is chronically administered, in vivo microdialysis reveals increased extracellular dopamine in the nucleus accumbens (Nomikos et al. 1992) . Chronic administration of bupropion also decreases tyrosine hydroxylase reactivity in the locus ceruleus of the rat (Nestler et al. 1990 ). Likewise, bupropion reduces firing rates of NE neurons in the locus ceruleus in a dose-dependent manner (Cooper et al. 1994) , and at higher doses, it reduces firing in DA neurons in A9 and A10 of the rat brain (Ferris and N EUROPSYCHOPHARMACOLOGY 2002 -VOL . 27 , NO . 6 Cooper 1993). In depressed patients, bupropion enhances 6-hydroxy melatonin levels, a marker of functional activity in the NE system (Golden et al. 1988) . Furthermore, bupropion administration can downregulate NMDA receptors (Paul et al. 1994 ). Bupropion does not have an apparent effect on the 5-HT system (Cooper et al. 1994; Feighner 1999; Horst and Preskorn 1998; Stahl 1997) . For a more complete review of bupropion's mechanism of action, see Ascher et al. (1995) . Delgado et al. (1991) reported the effects of TFDs on two patients in clinical remission while on bupropion. Neither patient suffered a "depressive relapse" as a result of tryptophan depletion. With regard to sleep, Nofzinger et al. (1995) previously reported bupropion to significantly increase REM time and REM% in seven remitted depression patients on bupropion when compared with a before treatment baseline. A significant decrease in RL was also seen, when two bupropion nonresponders were added to the data pool. No other reports on bupropion's effects on sleep or of a TFDs effects on bupropion treated patients have been published at this time.
When designing this study, we had three main questions in mind: (1) How does bupropion affect sleep measures? (2) How does a TFD affect sleep measures in partially remitted depressed patients on bupropion? and (3) How does a TFD affect the depression and mood ratings of bupropion treated patients? Regarding the first question, we predicted that bupropion would increase REM time and REM% based on the findings of Nofzinger et al. (1995) . Our expectations for question 2 were to see a significant decrease in RL and S2%, a significant increase in REM time and REM%, but no significant change in RD. We based these expectations upon what is known of 5-HT's role in inhibiting REM sleep and our previous results in other populations Moore et al. 1998; Landolt et al. 2000) . For question 3, based on our previous studies in normal volunteers and euthymic patients treated with SSRIs, we predicted that the TFD would not significantly alter depression ratings (the depression subscale of the POMS and the 19-item HRSD). Nevertheless, we expected the scores on the vigor, elation, friendliness, tension, and confusion subscales of the POMS questionnaire to significantly worsen with the TFD compared with the control drink. By answering these three questions, we hoped to gain insight into the physiology of depression and sleep and into bupropion's mechanism of action.
METHODS

Subjects
To be eligible, subjects had to have a diagnosis of major depressive disorder following a formal structured diagnostic psychiatric interview (Structured Clinical Interview for DSM-IV; SCID), be drug free for at least two weeks ( Ͼ 5 weeks for fluoxetine), be free of other recent or current major comorbid medical, psychiatric, or substance abuse disorders, and have a score above 12 on the 17-item HRSD (HRSD-17-a modified version of the 24-item HRSD that only uses the first 17 items; Hamilton 1967) for at least two weeks. We chose the HRSD-17 for our criteria, as opposed to other forms of the HRSD, due to its widespread use in TFD studies by other researchers. Seventeen subjects participated in this research protocol as part of a double-blind study of bupropion and sertraline. Nine were placed on sertraline and eight were placed on bupropion. We will only be considering the subjects placed on bupropion in this paper. These eight subjects (mean age Ϯ SD; 45.5 Ϯ 10.4 years) met all inclusion criteria (see below) and completed the TFD portion of the study. Six of these subjects were male and two were female (see Table 1 for a more complete summary of subject information). Final diagnoses were made at a weekly diagnostic conference. All subjects were paid for their participation and gave written informed consent to participate in the study after receiving both written and verbal explanations of the protocol. The protocol used was approved by the UCSD and Veterans Affairs Human Subjects Committees.
Inclusion criteria for participation in the TFD challenges were the following: (1) a history of a major depressive episode in full to partial remission for at least two weeks by the clinical judgement of the patient and a psychiatrist; (2) on-going treatment with only bupropion and no other major psychotropic or hypnotic medications (see Table 1 for duration of treatment details); and (3) a reduction in score у 40% on the HRSD-17 compared with the pre-treatment scores.
Procedures
After a drug free interval of two weeks, subjects slept in the sleep laboratory for two nights before beginning bupropion treatment. The first of these nights was used to screen for sleep disorders and to allow for adaptation to the sleep lab. The second night was used to obtain drug-free baseline polysomnographic recordings (electroencephalogram (EEG), bilateral electrooculogram, chin electromyogram, and electrocardiogram).
Once a subject had been treated with bupropion and was in partial remission, subjects slept in the lab for four more nights. The first night was again used for adaptation and screening. The other three nights were for the bupropion baseline, TFD, and control polysomnographic recordings. Challenge nights were separated by at least 48 h and were done in random order for each subject along with the bupropion baseline night. Polysomnographic recordings were conducted on all nights from about 11:30 P . M . till about 6:30 A . M .
A set schedule was followed during the TFD challenge and control days. At 2:30 P . M ., mood ratings, a side effect assessment, and 10 mL of blood for tryptophan levels were obtained. At 3:00 P . M ., either the TFD or control drink was administered in a double-blind, randomized, crossover fashion. At 10:30 P . M ., mood ratings, a side effects checklist, and a blood sample were obtained. Then, from about 11:30 P . M . till about 6:30 A . M ., polysomnographic recordings were taken during the subjects' time in bed (from "lights out" till "lights on"). At 7:00 A . M ., mood ratings and a blood sample were obtained and a general sleep questionnaire was administered. This schedule is based on what we have used in previous TFD studies.
Polysomnographic recordings were visually scored in 30-s epochs by sleep technicians according to standard criteria (Rechtschaffen and Kales 1968) . Interrater reliability among the technicians was tested regularly and was maintained at a level of 0.80 or greater for each sleep measure. Sleep variables are briefly defined as follows. Time in bed is the time in minutes from "lights out" until "lights on." Total sleep time (TST) is the time in bed minus any awake time. Sleep efficiency (SE) is the TST divided by the time in bed expressed as a percent. Sleep latency (SL) is the time in minutes from "lights out" until the first onset of stage 2 or REM sleep with no more than a minute of wakefulness within the first ten minutes. Wakefulness after sleep onset (WASO) is the time spent awake in bed after sleep onset in minutes. REM minutes is the total number of minutes spent in REM sleep. Stage 1 through 4 min (S1, S2, S3, and S4) is the amount of time spent in each stage, respectively. Dividing S1, S2, S3, and S4 by TST gives the stage 1 through 4 percents (S1%, S2%, S3%, and S4%). RL, REM%, and RD were previously defined in the introduction.
Current mood was assessed in two ways. One way was by blinded raters (k ϭ 0.82), using a modified 19-item version of the HRSD (HRSD-19) that excludes items 4 through 6 (pertaining to sleep), item 16 (pertaining to weight change), and item 18 (pertaining to diurnal variation) from the 24-item HRSD (Hamilton 1967) . The 24-item HRSD would have been used, but the questions excluded to form the HRSD-19 make no sense when asked multiple times in one day. A second way that current mood was assessed was by having the patients complete the subjective POMS, a rating scale that describes current mood with eight subscales (McNair et al. 1981) . A side effects checklist and general sleep questionnaire were also administered at the appropriate times.
Patients ate a low-tryptophan diet starting at dinner the night before administration of the TFD and control drinks. The diet contained 2300 kcal/d and 48 g/d of protein but only 160 mg/d of tryptophan. The TFD contains 15 amino acids in the same proportion as human milk minus tryptophan, aspartic acid, and glutamic acid. The TFD mixture was made according to each subject's body weight at 85 g of amino acid mixture per 70 kg of person. This approach reduced the vomiting that was frequently induced in women when 100 g amino acid mixtures were given to everyone regardless of size ). The control drink was made from the same amino acid mixture used in the individualized TFDs plus 4 g of tryptophan. Both the TFD and control were served with chocolate-flavored syrup in a 300 mL "slurry" with crushed ice. Methionine, cysteine, and arginine were given in blinded pill form (21 pills per TFD or control challenge) because of the bitterness and unpalatability they added to the drink. The blood samples of tryptophan were collected with EDTA, centrifuged, and frozen ( Ϫ 80 Њ C) until analysis. Free plasma tryptophan concentrations were determined using a modified fluorometric method (Denckla and Dewey 1967) .
Statistics
For the before and after bupropion sleep measures, we used a simple repeated measures analysis of variance (ANOVA), and for both the sleep and mood measures when looking at the effects of the TFD, we used a repeated measures ANOVA with one within-subjects factor (pre-challenge baseline, TFD, and control). Because we had a very specific hypothesis regarding which sleep variables would be affected by TFD, we ran a separate ANOVA for those variables expected to significantly change. The results from the ANOVA for the other sleep variables are reported for those who may be interested. Pairwise ANOVAs were run on both sleep and mood variables shown to be significant in the repeated measures ANOVAs described above. Two-way ANOVA (2 ϫ 3 design) with repeated measures was used to compare the differences in mood scores at various times on different days. For the tryptophan data, a repeated measures ANOVA with two within-subjects factors (Day -control and experimental; Time -2:30 P . M ., 10:30 P . M ., and 7:00 A . M .) was used with the Tukey HSD as the post-hoc test. All data are expressed as means Ϯ SEM with n ϭ 8 unless otherwise specified. Level of significance was ␣ equal to 0.05.
RESULTS
Sleep Measures
Patients showed no significant change in sleep measures after treatment with bupropion for an average of seven weeks (while-on-bupropion baseline) compared with the drug-free pre-bupropion baseline (Table 2) .
When comparing the TFD challenge, control, and while-on-bupropion baseline nights, however, significant changes were seen in RL (F 2,14 ϭ 5.55, p ϭ .02), REM time (F 2,14 ϭ 7.32, p ϭ .007), REM% (F 2,14 ϭ 7.27, p ϭ .007), and S2% (F 2,14 ϭ 7.06, p ϭ .008; see Figure 1 ). Pairwise ANOVAs revealed that the TFD challenge night had a significantly reduced RL and S2% when compared with the baseline ( p ϭ .02 and p ϭ .042, respectively) and control nights ( p ϭ .046 and p ϭ .015, respectively) and that it had a significantly increased REM time and REM% when compared with the baseline ( p ϭ .001 and p ϭ .01, respectively) and control nights ( p ϭ .04 and p ϭ .03, respectively). See Table 3 for a summary of all other sleep measure results.
Mood Measures
Based on the HRSD-17, patients were significantly less depressed at the while-on-bupropion baseline compared with the drug-free, pre-bupropion baseline (6.5 Ϯ 1.1 versus 16.3 Ϯ 1.0, F 1,15 ϭ 55.74, p Ͻ .001). Five patients were judged to be in partial remission (HRSD-17 scores from 7 to 9 for at least two weeks) and three patients in near full remission (HRSD-17 scores from 2 to 4 for at least two weeks) before the TFD challenges. In Table 1, HRSD-17 scores from before bupropion treatment Figure 1 . Graphs of average RL, REM Time, REM%, and S2% during the While-On-Bupropion Baseline, TFD, and Control Nights (values given are means Ϯ SEM, n ϭ 8) and after reaching partial remission status are given for each subject.
During the TFD challenges, the HRSD-19 scores did not change significantly after administration of the TFD or control drink when compared with the while-on-bupropion baseline from the same time of day (10:30 P.M.). We also saw no "depressive relapses" according to the criteria either of Delgado (1990 Delgado ( , 1991 Delgado ( , 1999 or Bremner (1997) . There were, however, significant changes in the POMS subscales of vigor (F 2,14 ϭ 5.02, p ϭ .02), elation (F 2,14 ϭ 7.54, p ϭ .006), and friendliness (F 2,14 ϭ 5.44, p ϭ .02) when comparing all three nights. In pairwise ANOVAs, the vigor, elation, and friendliness subscales all significantly decreased on both the TFD and control nights when compared with the baseline night. See Table 4 for a summary of the mood measures results.
When testing for diurnal variation during each of the two drink challenges, a 2-way ANOVA with day and time as the grouping factors showed no significant interaction effect for any of the mood ratings. There were also no significant changes when grouping only by day; however, there were some significant changes when grouping only by time. The POMS subscales of vigor and anger significantly decreased (F 1,7 ϭ 6.47, p ϭ .038; F 1,7 ϭ 10.50, p ϭ .014, respectively) from the 2:30 P.M. to the 10:30 P.M. time point, and the POMS friendliness subscale significantly increased (F 1,7 ϭ 6.46, p ϭ .038) from the 10:30 P.M. to the 7:00 A.M. time point. There were no significant diurnal changes in HRSD-19 scores on either day (Table 5) .
Our results showed that both the experimental and the control drinks significantly reduced the vigor, elation, and friendliness subscale scores on the POMS.
Both drinks had significant side effects (Table 6 ). On the side effect checklist administered to all subjects 7.5 h after drink ingestion, five subjects reported moderate to severe nausea after the experimental drink and four subjects reported mild to substantial nausea after the control drink. Also after the experimental drink, two subjects complained of mild to substantial diarrhea, two had substantial to severe decreases in appetite, one had moderate anxiety, and a mild level of headache, lightheadedness, difficulty sitting still, muscle stiffness, and trouble concentrating were each reported by one subject. Similarly, after the control drink, two subjects reported mild to substantial diarrhea, one reported a substantial decrease in appetite, three complained of mild to moderate headaches, two suffered mild to moderate muscle stiffness, and mild lightheadedness and difficulty sitting still were each reported by one subject . When tallying these side effects, we took into account the subjects' somatic states before drink ingestion. If the person had the same level or higher of a certain complaint before the drink ingestion that he or she had afterward, that somatic complaint was not attributed to the drink. The somatic side effects attributed to amino acid drinks could easily explain why vigor, elation, and friendliness levels would decrease whether tryptophan was included or not.
Plasma Tryptophan Measures
The free plasma tryptophan factors of day and time were both significant (F 1,7 ϭ 34.42, p ϭ .0006 and F 2,14 ϭ 8.59, p ϭ .004, respectively). The interaction effect between these two factors was also significant ( 
DISCUSSION
Contrary to our first hypothesis based on the study by Nofzinger et al. (1995) , no change was found in sleep measures before and after bupropion treatment. Consistent with our second hypothesis, our patients had a significant decrease in RL and S2% and a significant increase in REM time and REM% in response to the TFD. As predicted by our third hypothesis, no significant change was seen in the POMS depression subscale or in the HRSD-19 as a result of the TFD. Nevertheless, we did not confirm our hypothesis that the TFD would worsen the subscale scores on the POMS more than the control drink. With regard to the concentration of 27 Ϯ 6 32 Ϯ 10 22 Ϯ 6 1.00 S4 12 Ϯ 6 9 Ϯ 6 11 Ϯ 7 0.19 S1% 6 Ϯ 1 6 Ϯ 1 5 Ϯ 1 0.39
All data are expressed as means Ϯ standard error TST, Total Sleep Time (min); SE, Sleep Efficiency; SL, Sleep Latency (min); WASO, Wakefulness After Sleep Onset (min); S1-S4, Stage 1-4 Minutes; REM, REM Minutes; S1%-S4%, Stage 1-4 Percentages; REM%, REM Percentage; RL, REM Latency (min); RD, REM Density; NS, Not Significant plasma tryptophan, the experimental day 10:30 P.M. measures, which were taken 7.5 h after TFD administration, were significantly lower than all the other time points on both the control and experimental days. Thus the TFD lowered plasma tryptophan levels as expected.
While the mechanisms of bupropion are not well understood, NE and DA have been implicated with synaptosomal reuptake, in vivo microdialysis, immunoreactivity, electrophysiological, and clinical studies (Ferris and Cooper 1993; Nomikos et al. 1992; Nestler et al. 1990; Cooper et al. 1994; Golden et al. 1988 ). Nevertheless, bupropion did not affect REM sleep in our study, which is altered by NE reuptake inhibitors and DA agonists. In the rat, NE has been shown to directly inhibit the cholinergic cells of the dorsolateral mesopontine tegmentum (Williams and Reiner 1993) . If bupropion enhances NE neurotransmission to the cholinergic neurons in the lateral dorsal mesopontine tegmentum, we might expect REM sleep to be decreased. Support for this comes from studies of NE reuptake inhibitors on sleep. Desipramine, Org 4428, and nortriptyline, for example, all significantly decrease REM time and REM% (Hishikawa et al. 1965; Ross et al. 1995; Baumann et al. 1983; Dunleavy et al. 1972; van Bemmel et al. 1999; Buysse et al. 1996; Reynolds et al. 1997; Taylor et al. 1999) . Perhaps bupropion's main mechanism of action is not NE reuptake inhibition but some other unidentified NE or DA mechanism. Nofzinger et al. (1995) also had unexpected results with significantly increased REM time and REM% on bupropion. These results are also different than ours, perhaps due to differences in our subject groups. In Nofzinger's study the mean 24-item HRSD score before treatment was 18.3, while our subjects had a mean 24-item HRSD score before treatment of 20.6. The mean final dose of bupropion in the study by Nofzinger (1995) was 428.6 mg/day and subjects had been on bupropion an average of 17.4 weeks. In our study, the mean final dose was 375 mg/day and subjects had been on bupropion an average of 7.4 weeks. These substantial differences in our subject groups may account for the disparate results of our studies. The lack of fundamental understanding regarding bupropion's mechanism of action makes further speculation difficult.
Depleting 5-HT levels with the TFD significantly enhanced REM sleep patterns in our study. This finding is compatible with the hypothesis that decreases in serotonin neurotransmission disinhibit REM sleep. We must keep in mind, however, that our evidence for central 5-HT depletion is not direct. We are assuming that tryptophan depletion in plasma limits the rate of 5-HT production in the brain. There is evidence for this from studies utilizing slice preparations. One such study showed that serotonergic neurons in slice preparations use up their 5-HT stores within 2 h after tryptophan is depleted from the superfusion solution (Lin et al. 1969) . Another study showed that 5-HT release in brain slices decreases when the slice preparation is superfused with a solution of large neutral amino acids minus tryptophan (Schaechter and Wurtman 1990) . Overall, the effects of the TFD here are very similar to those reported by our laboratory in Bhatti et al. (1998) with normal adult males and in Moore et al. (1998) with SSRI treated patients: facilitation of REM sleep without significant effects on depressive symptoms. Bupropion's mode of action as an antidepressant is possibly unaffected by manipulations in the 5-HT system. Partially remitted patients on bupropion and fully remitted patients on SSRIs do not "relapse" in response to TFDs ). In contrast, many partially remitted patients on SSRIs did "relapse" into depression following TFD administration (Delgado et al. 1990 (Delgado et al. , 1991 (Delgado et al. , 1999 . Differences between the Delgado and Moore studies may explain these discrepancies. The Moore et al. (1998) study used subjects in full remission with HRSD-17 scores of below 7 for at least two months with a total treatment time of two to 13 months, while the Delgado et al. (1990 Delgado et al. ( , 1999 ) studies used patients who were only partially remitted with scores of less than 18 on the 25-item HRSD for two weeks with a total treatment time of four to 10 weeks. (Further discussions of discrepancies in TFD studies can be found in Moore et al. 1998 Moore et al. , 2000 Moore et al. , 2001 .) Our current study uses partially remitted patients with two weeks of HRSD-17 scores below 11 and a total of five to 11 weeks of treatment, yet we find no "depressive relapse" in response to tryptophan depletion.
The failure of the TFD to affect depression ratings in the current study suggests several interpretations. One interpretation is that bupropion's antidepressant effects do not depend upon serotonergic mechanisms. This idea is supported by in vitro and electrophysiological studies which show that bupropion has little to no effect on the serotonin system (Cooper et al. 1994; Feighner 1999; Horst and Preskorn 1998; Stahl 1997) . A second is that the TFD-induced relapse occurs only in patients who are early in their treatment or who still remain moderately depressed (see discussion by . A third possibility is that our subject group was composed of individuals resistant to TFD-induced relapse. Based on a recent "mega-analysis" of individual subject data from six TFD studies, statistically significant predictors of clinical relapse were recurrent depressive episodes, female gender, prior exposure to SSRI treatment, and previous suicidal thoughts or attempts (Booij et al. in press ). In our study, two of our subjects had all four predictors, two had two of the predictors, one had one predictor, and three had no predictors. The low number of TFD clinical relapse predictors among several of our subjects may also have contributed to the lack of effect the TFD had on depression ratings in this study. In addition to not having many clinical relapse predictors, our subjects may not be genetically predisposed to a depressive response after tryptophan depletion. A recent study by Moreno et al. (2002) showed an association between a particular genotype in the promoter region of the serotonin trans- Figure 2. Mean free plasma tryptophan levels at 2:30 P.M., 10:30 P.M., and 7 A.M. on the control and experimental days (values given are means Ϯ SEM, n ϭ 8) with a significant interaction effect between the factors of day and time (F 2,14 ϭ 19.32, p ϭ .00009) porter gene and a depressive response to tryptophan depletion. Another possible interpretation is that since patients were only in partial remission, rather than full remission, and it has been shown that TFDs do not enhance the severity of depressive symptoms in symptomatic depressed patients (Delgado et al. 1994; Neumeister et al. 1997 ), we may not have been able to see a depressive response in our study. Delgado et al. (1990 Delgado et al. ( , 1991 Delgado et al. ( , 1999 , however, used partially remitted patients on antidepressants with scores on the 25-item HRSD that were quite similar to the scores our subjects had on the 24-item HRSD and they found a depressive response. This can be most clearly seen when comparing Table 1 from the Delgado et al. (1990) paper with Table  1 in this paper. Pretryptophan depletion scores in Delgado et al. (1990) range from 2 to 19 with an average score of 8.4. Pretryptophan depletion scores in our study range from 2 to 11 with an average score of 6.9. The other two studies by Delgado et al. (1991 Delgado et al. ( , 1999 with partially remitted patients do not list the HRSD scores but have very similar inclusion criteria regarding the HRSD scores. One final interpretation is suggested by Neumeister et al. (1998) , which showed that tryptophan depletion prevented depressive relapses in patients who responded favorably to sleep deprivation after the recovery night of sleep. This study suggests that tryptophan depletion may actually decrease depressive symptoms in some people. The data in Table 5 reveal that six of our eight subjects had an increase in their HRSD-19 scores in response to the TFD. These six subjects certainly did not have a decrease in depressive symptoms, but perhaps the other two did have favorable responses. The timescales in the two studies, however, are not comparable and make it difficult to come to this conclusion. The positive effects of tryptophan depletion in the Neumeister et al. (1998) study occurred almost 24 h later rather than 7.5 h later as in our study. After 24 h, subjects in our study who had an increase in their HRSD scores had already returned to their pre-TFD levels. Our study has limitations. Its design was not optimal. The tryptophan challenge, while-on-bupropion, baseline night was not blinded as the TFD and control nights were. This may have resulted in some bias, on the part of the patients and objective raters, in the mood ratings for that night. Also, we did not measure mood ratings at all the time points on the baseline night that we did on the TFD and control nights. This makes it difficult to interpret our diurnal results since the natural variations in mood for our partially remitted patients were not documented.
In summary, we did not find that the TFD reversed the antidepressant effects of bupropion in partially remitted patients even though it significantly enhanced REM sleep. Plasma tryptophan levels also dropped as a result of the TFD and increased in response to the control drink.
